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Description 

[AUTOMATIC CAIN CONTROL CIRCUIT 
FOR CONTROLLING START-UP TIME OF 
OSCILLATOR AND METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92109304, filed on April 22, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] This invention relates in general to an automatic gain 
control circuit and its related method. More specifically, 
the present invention relates to an automatic gain control 
(AGC) circuit for controlling a start-up time of an oscilla- 
tor and a method thereof. 

[0004] Description of Related Art 

[0005] | n the wireless communication field, since an on-off key- 
ing RF (radio frequency) receiver with a super-re- 
generative architecture has a better performance/cost ra- 


tio with respect to sensitivity and noise immunity, the on- 
off keying RF receiver is widely used, such as in remote- 
controlled model cars and in other remote-controlled 
electrical appliances, devices or equipments. In such cir- 
cuit structure, for maintaining its performance under a 
best condition, it is necessary to use an automatic gain 
control circuit to control the start-up time of an oscillator. 

[0006] pig. 1 is a schematic diagram showing a signal modulation 
of a on-off keying RF transceiver. Referring to Fig. 1, 
when input data Din is "1", its corresponding transmitted 
output signal Sout is a high level signal modulated by a 
carrier wave, while when input data Din is "0", a level of its 
corresponding transmitted output signal Sout is 0. 

[0007] pig. 2 is a schematic block diagram showing a super- 
regenerative RF receiver, and Fig. 3 shows a signal rela- 
tionship of the super-regenerative RF receiver. Referring 
to Figs. 2 and 3, a saw-tooth wave generator 220 gener- 
ates a saw-tooth wave output current Iq according to a 
quench control signal qnch. An oscillator 210 receives the 
saw-tooth wave output current Iq and an RF signal Srf to 
generate an oscillation output Sosc. When the received RF 
signal Srf is "1" that is a signal modulated by a carrier 
wave, the oscillation output Sosc of the oscillator 210 has 


an earlier oscillation time as shown in Fig. 3. When the re- 
ceived RF signal Srf is "0", the oscillation output Sosc of 
the oscillator 210 has a later oscillation time as shown in 
Fig. 3. In this manner, received data is reproduced, so that 
subsequent circuits can restore received data. 

[0008] | n order to stabilize the oscillation output Sosc of the os- 
cillator 210, the super-regenerative RF receiver further 
comprises an automatic gain control circuit 230 for con- 
trolling a magnitude of the saw-tooth wave output current 
Iq generated by the saw-tooth wave generator 220 and 
for adjusting the start-up time of the oscillation output 
Sosc of the oscillator 210. 

[0009] one can refer to IEEE JSSC Vol. 36, pp.440, "A low-power 
CMOS super-regenerative receiver at 1GHz" for descrip- 
tions of a conventional automatic gain control circuit. In 
general, a gm-C low pass filter is used to extract an en- 
ergy level of an oscillation envelope, so that a huge space 
is occupied. In addition, the automatic gain control circuit 
with the aforementioned structure in general requires a 
time of several bits to acquire a signal level, so that its re- 
sponse time is slower. Furthermore, the AGC circuit is al- 
ways working on tracing signals, causing a large amount 
of noise. 


Summary of Invention 


[0010] According to the foregoing description, an object of this 
invention is to provide an automatic gain control circuit 
and a method thereof for controlling a start-up time of an 
oscillator so that no large space is occupied, the response 
time is fast and no additional noise is made. 

[0011] According to the object(s) mentioned above, an automatic 
gain control circuit is provided. The automatic gain con- 
trol circuit is used to control a start-up time of an oscilla- 
tor wherein the start-up time of the oscillator varies with 
a magnitude of an output current of a current generator, 
for example a saw-tooth wave generator. The automatic 
gain control circuit comprises an oscillation detection unit 
and a control unit. The oscillation detection unit is used 
for outputting a detection signal when the oscillating os- 
cillator is detected. The control unit is coupled to the os- 
cillation detection unit for determining whether the detec- 
tion signal is received at a first predetermined time point. 
When the detection signal is not received at the first pre- 
determined time point, the control unit outputs a control 
signal to increase the output current of the current gener- 
ator, so that the start-up time of the oscillator is con- 
trolled to move forwards. The first predetermined time 


point can be a latest start-up time to start the oscillation 
of the oscillator. 

[0012] | n t he above automatic gain control circuit, the control 

unit further comprises: a first flag generator and an out- 
put current control circuit. The first flag generator is cou- 
pled to the oscillation detection unit for determining 
whether the detection signal is received at the first prede- 
termined time point. When the detection signal is not re- 
ceived at the first predetermined time point, the first flag 
generator outputs a first flag signal. In addition, the out- 
put current control circuit is coupled to the first flag gen- 
erator. When the first flag signal is received, the output 
current control circuit outputs the control signal to in- 
crease the output current of the current generator. The 
first flag generator can be a D-type flip flop. 

[0013] The output current control circuit can comprise a counter. 
In order to prevent the counter from counting circularly to 
reduce the output current of the current generator, the 
current generator can further comprise an AND gate and a 
NOR gate, so as to avoid the counter from counting again 
when the counter counts up to the maximum counting 
value. 

[0014] For preventing the oscillator from oscillating too early that 


will cause the oscillator to become saturated and to re- 
ceive data that cannot be determined, the control unit can 
further comprise a second flag generator and a timing cir- 
cuit. The second flag generator is coupled to the oscillator 
detection unit for determining whether the detection sig- 
nal is received at a second predetermined time point. 
When the detection signal is not received at the second 
predetermined time point, the second flag generator out- 
puts a second flag signal. In addition, the timing circuit is 
coupled to the second flag generator for outputting a re- 
set signal to reset a counting value of the counter when 
the second flag signal is not received for a predetermined 
time interval. The second predetermined time point can 
be an earliest start-up time that the oscillator does not 
oscillate continuously. The second flag generator can be a 
D-type flip flop. The timing circuit can comprise a 
counter. 

[0015] | n the aforementioned automatic gain control circuit, the 
oscillation detection unit can further comprise a compara- 
tor and a latch. The comparator is used for detecting an 
oscillation output of the oscillator. The latch is coupled to 
the comparator for latching the detection signal. When the 
comparator detects the oscillation output of the oscillator, 


the latch outputs the latched detection signal and feed- 
backs the latched detection to the comparator to disable 
the comparator, and, therefore, to reduce noise. The com- 
parator can be a delay comparator. 

[0016] The present invention further provides an automatic gain 
control method for controlling a start-up time of an oscil- 
lator. The start-up time of the oscillator varies with a 
magnitude of an output current of a current generator. 
The method comprising steps of: detecting an oscillation 
output of the oscillator, and then outputting a detection 
signal when the oscillating oscillator is detected; and of 
determining whether the detection signal is received at a 
first predetermined time point. When the detection signal 
is not received at the first predetermined time point, the 
control unit outputs a control signal to increase the out- 
put current of the current generator, so as to move the 
start-up time of the oscillator forward. 

[0017] jo prevent the oscillator from oscillating too early and 
causing the oscillator to become saturated, the method 
can further comprise steps of: determining whether the 
detection signal is received at a second predetermined 
time point; and decreasing the output current of the cur- 
rent generator when the detection signal is received at the 


second predetermined time point and lasts for a predeter- 
mined time interval, so as to delay the start-up time of 
the oscillator. 

[0018] a method to increase the output current of the current 

generator to move the start-up time of the oscillator for- 
ward can adjust a gain of the current generator, or can 
adjust an offset of the output current generated by the 
current generator. 

[0019] As described above, according to the aforementioned de- 
scription, it is not necessary to use a gm-C LPF to extract 
the energy level of the oscillation envelope, so no large 
space will be occupied. In addition, because the required 
start-up time of the oscillation can be quickly adjusted 
within a time of several pulses of the quench control sig- 
nal, the response time is very fast. The operation of the 
oscillation detection unit is turned off after the compara- 
tor detects that the oscillation is output, so that no addi- 
tional noise will be made. 
Brief Description of Drawings 

[0020] while the specification concludes with claims that point 
out particularly and distinctly claim the subject matter 
which is regarded as the invention, the objects and fea- 
tures of the invention and further objects, features and 


advantages thereof will be better understood from the 
following description taken in connection with the accom- 
panying drawings. 

[0021] pig. 1 is a schematic diagram showing a signal modulation 
of a on-off keying RF transceiver. 

[0022] pig. 2 is a schematic block diagram showing a super- 
regenerative RF receiver. 

[0023] Fig. 3 shows a signal relationship of the super-re- 
generative RF receiver. 

[0024] Fig. 4 is a block diagram of an automatic gain control cir- 
cuit according to one embodiment of the present inven- 
tion. 

[0025] Fig. 5 schematically shows a timing diagram of control 

signals of the AGC circuit according to the embodiment of 
the present invention. 

[0026] Fig. 6 is a simulation result of the AGC circuit according to 

the embodiment of the present invention. 
Detailed Description 

[0027] Fig. 4 is a block diagram of an automatic gain control cir- 
cuit according to one embodiment of the present inven- 
tion. Referring to Fig. 4, the automatic gain control (AGC) 
circuit 430 is able to control a start-up time of an oscilla- 
tor 410. The start-up time of the oscillator 410 varies ac- 


cording to a magnitude of an output current Iq of a cur- 
rent generator 420. For convenience, a saw-tooth wave 
generator is used as the current generator 420. However, 
for those skilled in this art, a triangle wave generator or a 
sinusoidal wave generator can also be used. 

[0028] As shown in Fig. 4, for saving the circuit space, the AGC 
circuit 430 uses an oscillation detection unit 440 and a 
control unit 450, rather than uses a gm-C filter. The os- 
cillation detection unit 440 that further comprises a com- 
parator 441 and a latch 442, and the control unit further 
comprises a first flag generator 451, an output current 
control circuit 460 for the current generator 420, a sec- 
ond flag generator 452 and a timing circuit 470. 

[0029] The comparator 441 is a delay comparator. The first flag 
generator can use a D-type flip-flop. The output current 
control circuit for the current generator 420 comprises a 
counter 462, an AND gate 463, and a NOR gate 461. The 
second flag generator 452 comprises a D-type flip-flop 
455 and an inverter 453. The timing circuit 470 comprises 
a counter 472 and OR gates 471, 473. The operation of 
the AGC circuit 430 will be described in detail as follows. 

[0030] pig. 5 is a timing diagram of control signals. A quench 
control signal qnch is used to control a sampling rate of 


an RF signal Srf received by a receiver. Namely, the current 
generator 420 outputs the saw-tooth wave current Iq only 
when the quench control signal qnch is "1", so as to pro- 
vide an energy to the oscillator 410 to oscillate. The start- 
up time of the oscillation of the oscillator 410 varies ac- 
cording to the magnitude of the output current Iq of the 
current generator 420. The larger the output current Iq is, 
the earlier the oscillator 410 oscillates. Therefore, in order 
to maintain the performance of the receiver under the 
best condition, it is necessary to use the AGC circuit 430 
in Fig. 4 to adjust the output current Iq of the current 
generator 420, so as to control the start-up time of the 
oscillator 410. 

[0031] | n addition, in Fig. 5, a first clock signal CLK1 is used to 
provide a first predetermined time point Tl with respect 
to the quench control signal qnch; namely, the first pre- 
determined time point Tl is a reference time point at 
which the output current Iq of the current generator 420 
is adjusted so that the oscillator 410 can start oscillating 
before the first predetermined time point Tl. Further- 
more, a second clock signal CLK2 is used to provide a 
second predetermined time point T2 with respect to the 
quench control signal qnch; namely, the second predeter- 


mined time point T2 is a reference time point at which the 
output current Iq of the current generator 420 is adjusted 
so that the oscillator 410 can start oscillating before the 
second predetermined time point 12. In this way, the os- 
cillator 420 can be prevented from entering the saturated 
status, causing received data that cannot be determined. 

[0032] | n pig. 4, the comparator 441 detects the oscillation Sosc 
of the oscillator 410, and then outputs a detected result 
that is used as an input clock for the latch 442. When the 
quench control signal qnch is transient to a low level, the 
comparator 441 and the latch 442 are reset, and there- 
fore, the output of the oscillation detection unit 440 is a 
low level. When the quench control signal qnch is tran- 
sient to a high level, e.g., the comparator 441 detects that 
the oscillator 410 oscillates, the latch 442 will output the 
latched high level of the detection signal Ql, and the de- 
tection signal Ql is fed back to the comparator 441 to 
disable the comparator 441, so as to reduce noise. 

[0033] when the quench control signal qnch is transient to a high 
level, the first flag generator 451 sets its output as a high 
level, and uses the first clock signal CLK1 at the first pre- 
determined time point Tl to transmit the output of the 
latch 442 to the output of the first flag generator 451. 


Therefore, whether the oscillator 410 has oscillated at the 
first predetermined time point Tl can determined. In ad- 
dition, when the oscillator 410 does not oscillate at the 
first predetermined time point Tl, the first flag generator 
451 will output a transient first flag signal Q2. When the 
quench control signal qnch is transient to a low level 
again, the transient first flag signal Q2 is transmitted to 
the counter 462 through the NOR gate 461 to increase the 
counting value of the counter 462. The transient first flag 
signal Q2 also serves as a control signal to increase the 
output current of the current generator 420. 

[0034] For preventing the counter 462 from counting circularly to 
reduce the output current of the current generator 420, as 
shown in Fig. 4, the output current control circuit 460 for 
the current generator 420 uses the AND gate 463 and the 
NOR gate 461 to prevent the counter 462 from counting 
again when the counter 462 counts up to the maximum. 

[0035] when the quench control signal qnch is transient to a low 
level, the D-type flip flop 452 of the second flag genera- 
tor 452 will reset its output to a low level. At the second 
predetermined time point T2, the inverse output of the in- 
verter 453, which is the inverse signal of the output of the 
latch 442, is transmitted to the output of the D-type flip- 


flop 452 according to the second clock signal CLK2. In 
this way, whether the oscillator 410 oscillates at the sec- 
ond predetermined time point T2 can be determined. 
When the oscillator 410 does not oscillate at the second 
predetermined time point T2, the second flag generator 
452 outputs a high-level second flag signal Q3. The high- 
level second flag signal Q3 is then transmitted through 
the OR gate 471 to the counter 472 to reset the output of 
the counter 472. Therefore, if the high-level second flag 
signal Q3 is not received for a predetermined time interval 
(four periods of the third clock signals CLK3), the output 
of the bit two (b2) of the of the counter 472 becomes a 
high level due to the counting of the third clock signal 
CLK3, and a rest signal is output through the OR gate 473 
to the counter 462 to reset the output of the counter 462. 
This manner can prevent the oscillator 410 from oscillat- 
ing too early and thus entering the saturated status that 
causes received data cannot be determined. One of input 
ends of the OR gates 471, 473 is connected to a rest sig- 
nal RST for resetting the circuit. 
[0036] Fig. 6 shows a simulation result of the AGC circuit 430 in 
Fig. 4. From Fig. 6, the start-up time of the oscillation 
output Ssoc of the oscillator 410 can be quickly adjusted 


to the first predetermined time point Tl provided by the 
first clock signal CLK1 at a time of about seven pulses of 
the quench control signal qnch. 

[0037] According to the above description, an automatic gain 
control method is further provided to control a start-up 
time of an oscillator. The start-up time of the oscillation 
varies in response to a magnitude of an output current of 
a current generator, for example a saw-tooth wave gener- 
ator. The method comprises following steps: detecting an 
oscillation output of the oscillator and then outputting a 
detection signal when the oscillation output of the oscilla- 
tor is detected; and determining whether the detection 
signal is received at a first predetermined time point. 
When the detection signal is not received at a first prede- 
termined time point, the output current of the current 
generator is adjusted to move the start-up time of the os- 
cillation forwards. 

[0038] Additionally, for preventing the oscillator from oscillating 
too early so as to cause the oscillator to be saturated, the 
automatic gain control method further comprises steps of: 
determining whether the detection signal is received at a 
second predetermined time point. When the detection 
signal is received at the second time point and lasts for a 


predetermined time, the output current of the current 
generator is reduced to delay the start-up time of the os- 
cillation. 

[0039] a method to adjust the output current of the current gen- 
erator to move start-up time of the oscillation forward can 
adjust the gain of the current generator, or can adjust an 
offset of the output current of the current generator. 

[0040] | n summary, according to the aforementioned description, 
the present invention benefits the following advantages. 
Since it is not necessary to use a gm-C LPF to extract the 
energy level of the oscillation envelope, no large space 
will be occupied. In addition, because the required start- 
up time of the oscillation can be quickly adjusted within a 
time of several pulses of the quench control signal, the 
response time is very fast. The operation of the oscillation 
detection unit is turned off after the comparator detects 
that the oscillation is output, so that no additional noise 
will be made. 

[0041] while the present invention has been described with a 

preferred embodiment, this description is not intended to 
limit our invention. Various modifications of the embodi- 
ment will be apparent to those skilled in the art. It is 
therefore contemplated that the appended claims will 


cover any such modifications or embodiments as fall 
within the true scope of the invention. 


